Respiratory symptoms and lung function were assessed in 41 seasonal grain handlers and related to duration ofemployment and level of exposure to grain dust. Ten public works department employees, not exposed to grain dust, were examined during the same period. Respiratory symptoms, forced expired volume in one second (FEVy), and bronchial responsiveness (dose of methacholine provoking a 20% fall in FEV1-PD.0) were assessed before starting work and at weekly intervals during a period ofemployment lasting up to four weeks. Two atopic grainhandlers with pronounced bronchial hyperresponsiveness (PD.. < 1 pmol) and a history of asthma withdrew from the study within two weeks because they developed severe asthma. Respiratory symptoms were more frequent and more often attributed to work in the grainhandlers than in the non-exposed subjects. In the grainhandlers the FEV1 decreased by a mean (95% confidence intervals) of321 ml (198-444) (p < 005) and the mean (95% confidence interval) PD,.
at work. These changes appear to be determined by the degree of dust exposure and suggest a direct effect of grain dust on the lung in these subjects.
Occupational exposure to grain dust is associated with the development of respiratory symptoms and acute and long term changes in lung function.' Most workers in studies performed elsewhere have had many years of exposure to grain dust and probably represent healthy survivor populations, suggested by a lower prevalence of symptoms and atopy in these populations compared with the general population.2
Western Australian seasonal grainhandlers with little or no previous occupational exposure to grain dust have reported cough, wheeze, and dyspnoea after short periods of exposure to grain dust.' The symptoms were associated with a pre-employment history of wheeze, positive prick skin test reponses to fungal antigens, and to the presence of increased airway responsiveness to methacholine.' In a subsequent study symptoms were found to be associated with small reductions in FEV, over a six to eight week harvest season. 4 These studies have suggested that allergic factors and airway responsiveness may be important determinants of the acute respiratory response to grain dust. The time course of symptoms and changes in lung function, however, and their relation to level of dust exposure have not previously been studied in these workers.
The aims of the present study were to determine the relation between respiratory symptoms and changes in lung function and duration and degree of exposure to grain dust in seasonal grainhandlers.
Subjects
During the annual grain harvest in Western Australia extra staff are employed to perform a variety of jobs. Forty one seasonal grainhandlers starting employment at a single grain handling terminal were entered into the study at weekly intervals over a three week period when they attended for a preemployment briefing about their work. These subjects represented 71 % of the extra personnel temporarily employed for the season. Eighty five per cent of the subjects lived in the surrounding wheat growing district, although they had not worked with grain for at least nine months and 51 % had never worked with grain.
Job allocations included shunting, tipping and emptying loaded train carriages, sweeping around conveyor belts, sampling the grain, operating tipping ramps, unloading lorries in flat storage facilities, and reloading trains for transport. Shifts (day or night) were eight to 12 hours long, with two breaks, for seven days a week. Employees changed shift and job (and hence level of exposure to grain dust) according to a roster every week. Work was continuous during the period of employment, although its total duration for each grainhandler varied considerably as they were hired and then retrenched according to the amount of grain being handled.
Ten machinery maintenance employees of a nearby public works department volunteered and were studied during the same period to compare frequency of symptoms and levels of lung function in subjects who were not occupationally exposed to grain dust. These men lived in the same township as the grainhandlers and worked about five kilometres from the grain storage site. Three had worked with grain in the past (farming, grain terminal, animal feed factory) but none within the past five years. Informed consent was obtained from all subjects.
Methods
On entry all subjects completed a standard questionnaire on respiratory symptoms and forced expiratory volume in one second (FEV1), forced vital capacity (FVC), peak expiratory flow (PEF), and bronchial responsiveness to inhaled methacholine were measured. Prick skin test responses to a variety of common antigens were performed and a blood sample was taken to measure serum IgE uptake to grain dust. At work PEF was measured before, during, and after each shift. At weekly intervals a second questionnaire was administered and FEV1, FVC, and bronchial responsiveness were remeasured. At the end of employment all these measurements were repeated in addition to prick skin tests and IgE uptake. The non-exposed subjects were studied by the same observers using the same equipment over the same study period as the grainhandlers. In Four groups of antigens were used for skin testing: "grain extracts" (whole grain wheat, rye, oats, barley, wheat smut), "fungal extracts" (aspergillus, penicillium, cladosporium, alternaria), "grass pollen extracts" ( Changes in lung function with time were analysed by comparing group means at intervals after starting work to the mean prestudy value. Since some subjects remained at work for longer than others the lung function results of those grainhandlers who completed all tests were compared with the results of the whole group to detect any effect of healthier subjects working, and being studied, for longer.
Results Seven (17%) grainhandlers stopped work prematurely. Two developed troublesome cough and wheeze within one week of starting employment and recorded a decrease in FEV, (420 ml and 960 ml) from prestudy measurements. They were both atopic on skin testing and their prestudy PD20 was low; 0*433 and 0 074 imol. They had answered "no" to a history of asthma and one subject had answered "yes" to a history of wheeze on the prestudy questionnaire. On further questioning after they had left work both gave histories suggesting asthma (episodic dyspnoea, wheeze, and chest tightness). Three grainhandlers left work due to other commitments, one declined further assessment, and one had stopped work after a train accident. At the initial assessment grainhandlers currently smoked more, were younger, and reported fewer previous respiratory symptoms than the nonexposed subjects (table 1) . The frequency ofprevious exposure to grain, history of respiratory disease, or lung function results did not differ between grainhandlers and non-exposed subjects. Positive prick skin test responses to fungal extracts were more common in the non-exposed subjects. Symptom frequency, atopy, or lung function did not differ between grainhandlers who had worked with grain previously and those who had not.
The results of dust sampling in the grainhandlers showed two distinct groups: high dust (range [21] [22] [23] [24] [25] [26] [27] [28] mg/m') and low dust (range 0-8-2 mg/m'). High dust concentrations were measured in jobs involving grain storage and the unloading and reloading of trains. Low dust concentrations were measured during sampling of grain in incoming trucks, office duties, sweeping, shunting of trains, work attending the conveyor belts, and tipping grain from rail trucks. The distribution of jobs into categories of high and low dust concentration was identical for the two periods of sampling.
Respiratory symptoms were reported more frequently at the initial assessment by the nonexposed subjects than by the grainhandlers, but after two weeks (symptom reporting was incomplete at the end of the first week of work) at work this pattern was reversed (table 2) . Grainhandlers also reported more symptoms except for shortness of breath and chest tightness at any time during the period of work. In addition, grainhandlers more often attributed cough, phlegm, and chest tightness to work than the nonexposed subjects (p < 0 05).
In the first week 34 of the grainhandlers recorded a two weeks, respectively. The mean FEV,/FVC ratio remained relatively constant over the five assessments (80%, 80%, 80%, 85%, and 81%). Peak flow variability over the entire study period was 7 3% (2-412 2) in the grain handlers and 6-2% (0 7-11 7) in the non-exposed subjects ( . FEV, was weakly related to PD20 in the grainhandlers (r = 0373) but not in the non-exposed subjects (r = -0-022). The changes in PD20 were similar in the 22 grainhandlers assessed on all five occasions. The PD20 did not change significantly in the non-exposed subjects. Changes in lung function at work were not related to prestudy respiratory symptoms, prick skin tests or IgE uptake, or to initial lung function. The frequency of positive skin test responses did not change between the beginning and end of the study. There were no differences in the grain dust specific IgE uptake between the grainhandlers and non-exposed subjects assessed as change over the course of the study or as the percentage of responders at the end of the study.
When the grainhandlers worked in jobs with high dust concentrations they reported more cough, wheeze, and chest tightness (p < 0 01) than when they worked in jobs with low dust concentrations for the first two weeks of work (fig 3) . There were no significant differences in the reporting of other symptoms. These relations were similar throughout the remainder of the period of work. Grainhandlers working in high dust jobs showed significantly (p < 0 025) greater decreases in FEV, and FVC relative to prestudy measurements than when they were working in low dust jobs (fig 3) . Changes in bronchial responsiveness and peak flow variability, however,
were not related to the measured dust concentrations.
Grainhandlers who reported chest tightness and wheeze in the first two weeks of the study had a greater fall in FEV1 (p < 0 05) and PD20 (p < 0 05) (fig 4) than those not reporting these symptoms. FVC decreased more in those grainhandlers who reported chest tightness and cough (p < 0-05). Daily peak flow variability was not related to the occurrence of upper or lower respiratory symptoms.
In this study neither atopy nor grain specific IgE uptake were related to frequency of symptoms or changes in FEV, FVC, and PD20.
Discussion
This study has shown that most of these seasonal grainhandlers developed respiratory symptoms and decreases in FEV,, FVC, and PD20 within a week of starting work with grain. These changes were related to the level of grain dust exposure but not to markers of their allergic status. Two grainhandlers with a history of episodic wheeze, chest tightness or shortness of breath, and bronchial hyperresponsiveness (PD20 < pmol) had pronounced reductions in FEV, and FVC associated with symptoms of frank asthma and had left work. These results suggest that exposure to grain dust causes changes in lung function in most subjects and more severe reactions may occur in those with a history of asthma or increased bronchial responsiveness. This finding and interpretation is consistent with previous observations.34
Grainhandlers with little or no previous occupational exposure to grain dust were studied to reduce the selection bias that may occur among long term grainhandlers.' The subjects in this study had a similar frequency of atopy and history of respiratory symptoms to those in a cross sectional population study in Western Australia.8 Although the nonexposed subjects used for comparison with the grainhandlers were not well matched for age and smoking history, examination of their questionnaire responses and their changes in lung function permitted the exclusion of factors other than exposure to grain dust causing changes in lung function. Non-allergic agents such as ozone can induce increased bronchial responsiveness,9 airway inflammation," and increased lung permeability.'8 As a variety of non-specific airway irritants may produce similar changes, it has been suggested that the inflammation'9 or altered lung permeability,"' or both, produced by such irritants may be the basis of the increased bronchial responsiveness.
A wide variety of materials is found in grain dust. Microscopy and culture ofthe grain at the worksite in this study isolated grass, grain, and fungal (common airborne and grain related) spores and particles. In addition grain dust contains many agents that can induce inflammation.2' Samples of grain dust from the worksite have also shown the presence of endotoxin, at a level high enough to cause symptoms (R Rylander, personal communication). The widespread non-specific changes observed in this study suggest that non-allergic processes may be the cause of these respiratory effects in most subjects. changes in lung function. 
Exposure to grain dust and

